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THE USER’S GUIDE TO POST-APOCALYPTIC FARMING
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1. Talbot, Jeremy. “The Threefold Intangible Challenge of Climate Change - Blog.” 
Global Climate Adaption Partnership. July 30, 2015.  http://www.climateadaptation.
cc/news-blog/news/entry/the-threefold-intangible-challenge-of-climate-change.
“Collaborating with Catastrophe” contends that architecture has the 
capacity to visually manifest unseen forces through design’s reaction 
to them, allowing people to more fully comprehend and engage the 
intangible. Climate change, arguably the largest threat to modern 
day humanity, is not visible, existing only as a collection of data and 
patterns in a statistical construct1. Taking stock of the present day 
failings of society in the face of crisis, this thesis then extrapolates 
a potential future dystopia precipitated by man-made pollutants in 
order to engage the problem at its most severe. Architecture is then 
able to make the toxic visible - capturing the sublimity and absurdity 
of unchecked human-caused destruction of the environment. To this 
end, “Collaborating with Catastrophe” embraces the narrative as a 
generative force in the design and representation process, taking the 
guide of a guide book, as a means of fully inhabiting the problem.
This edition of the guide focuses specifically on the western 
Pennsylvania countryside, in an area heavily invested in hydraulic 
fracturing -  a harsh drilling process used to release natural gas from 
geological shale formations miles beneath the Earth’s crust. The 
by-products of this process are numerous, and include pollution of 
water sources, fugitive emissions, and ruination of the landscape. 
Most alarming, however, is the programmatic overlap of agriculture 
with a process known to contaminate soil, water, and air. This guide 
envisions how absurdly contrived farming systems and techniques 
must become in order to overcome the damage allowing sysems 
to become over articulated as a reaction. The goal of the guide is 
to evoke further deliberation about modern day society through 
designing one potential outcome of its current trajectory - a prototype 
referred to in this guide as “Farm X”.
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This book presents itself as a reference guide 
for colonies seeking to implement new farming 
techniques, based on new hydroponic and algae 
growing technologies. Whether choosing a site, 
expanding one which already exists, selecting crops, 
or performing routine maintenance, this guide covers 
everything from the history of the climate induced 
apocalypse to the design and operation of the farm.
The guide is divided into distinct chapters to help 
users quickly find the information which is relevant to 
their needs. As you read, you’ll find that much of the 
information from different chapters is interrelated, but 
do not need to be read in chronological order. 
Each chapter contains fold out inserts in the pocket to 
the left of the title page. These inserts are removable 
for convenience and ease of reference when moving 
about the farm, and include maps, part schematics, 
safety protocol pamphlets, etc. 
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WHAT IS 
TOXIC SUBLIMITY?
The NATURAL Sublime
 - Edmund Burke (c. 1756)
The TECHNOLOGICAL Sublime
 - David Nye (c. 1994)
The TOXIC Sublime
 - Edward Burtynsky (c. 1983)
 - Jennifer Peeples (c. 2011)
Awe and fear at the power or grandeur of nature. Hurricanes, 
canyons, tsunamis, mountains, etc. could be termed sublime. 
Often used as justification for the existence of a God.
Awe and fear at the power of man to conquer and control nature. 
The Golden Gate Bridge, the sight of a rocket launching, and 
modern skyscrapers fall into this category.
Awe and fear at the destructive capability of man over nature. 
Sites of contamination, including Chernobyl, Agent Orange use 
in Vietnam, and a hydrofracked landscape would all be included.
FIGURE 4
“Hydro-fracking.” The Cooper Union. http://cooper.
edu/isd/projects/energy/natural-gas/hydro-fracking#/
gallery/1. 
FIGURE 1
“Interpreting the Sublime.” Sublimityofnature. Septem-
ber 12, 2012. https://livinthelife12.wordpress.com/
interpreting-the-sublime/.
FIGURE 2
“Golden Gate Bridge and Winter Fog.” Vern Clevenger: 
Gallery of Fine Photography. https://www.vernclevenger.
com/site/catalog-index/images/11-1.
FIGURE 3
“Nickel Tailings #34.” EDWARD BURTYNSKY. 1996. http://
www.edwardburtynsky.com/.
FIGURE 1
FIGURE 2
FIGURE 3
2. Oxford English Dictionary
SUBLIME
That which affects the mind with a sense of overwhelming grandeur or irresistible power 
- calculated to inspire awe, deep reverence, or lofty emotion, by reason of its beauty, 
vastness, or gradeur.2
adjective
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LOVE CANAL, NY
date . 1976
pollution type. TOXIC WASTE DUMPSITE
facet of interest: - 22,000 TONS OF TOXIC CHEMICALS 
           - COMMUNITY DEVELOPEMENT
           - MANY PUBLIC HEALTH REPERCUSSIONS
           - ENTIRE TOWN EVACUATED IN 1978
THREE MILE ISLAND, PA
date . 1979
pollution type. PARTIAL NUCLEAR MELTDOWN
facet of interest: - CONFLICTING STATEMENTS ABOUT RADIOACTIVITY
           - VOLUNTARY EVACUATION, 20 MILE RADIUS
           - CLEAN-UP FROM 1979 - 1993, $1 BILLION
           - NO PROVEN LONG-TERM EFFECTS ON PUBLIC
TIMES BEACH, MO
date . 1983
pollution type. DIOXIN CONTAMINATION
facet of interest . - USE OF CHEMICALS BY TOWN LATER REVEALED    
              DEADLY
            - COMPLETE EVACUATION + RELOCATION OF TOWN 
            - TOWN CONVERTED INTO STATE PARK
CHERNOBYL, UKRAINE (USSR c. 1986)
date . 1986
pollution type. NUCLEAR MELTDOWN
facet of interest . - LARGEST NUCLEAR DISASTER IN HISTORY
           - 30 KM EXCLUSION/EVACUATION ZONE
           - EFFECT OF RADIATION ON LIVING ORGANISMS
           - TODAY ACTS AS AN ACCIDENTAL WILDLIFE RESERVE 
FUKUSHIMA, JAPAN
date . 2011
pollution type. NUCLEAR MELTDOWN
facet of interest . - CONTEMPORARY DISASTER + CLEAN-UP
            - TRIGGERED BY NATURAL WEATHER DISASTER
            - EVACUALTION. NO DEATHS LINKED TO RADIATION
            - RADIATION LEAKED INTO OCEAN
AGENT ORANGE, VIETNAM
date . 1961-1971
pollution type. HERBICIDE WARFARE 
facet of interest . - TOXIN SPECIFICALLY TARGETED TO KILL PLANTS
           - WARFARE TACTIC
           - OVER 500 MILLION ACRES OF LAND COVERED, 
              AFFECTING CROPS AND FOOD PRODUCTION         
BHOPAL, MADHYA PRADESH, INDIA
date . 1984
pollution type. PESTICIDE LEAK
facet of interest . - MASSIVE DEATH TOLL
            - OVERNIGHT. LET OFF CHEMICAL GAS CLOUD
            - SOCIALLY DISRUPTED COMMUNITY FOR DECADES
           - WATER AND SOIL DECONTAMINATION EFFORTS
A Jeremiad in literature is a work of prose which bitterly laments the sins and moral failings 
of society, followed by a prophecy of it’s imminent downfall as a result of those failings, 
attacking society’s flaws in the hopes of inspiring a reform and potentially a brighter future. 
The term originates from the Book of Jeremiah in the Old Testament, in which the prophet 
attributes the calamities of Israel to the breaking of the Lord’s covenant, prophesizes the 
impeding downfall of the Kingdom of Judah and then calls n the people to repent and 
reform. This rhetorical device has since been utilized for a range of purposes, including 
theologians such as Jonathan Edwards and Martin Luther King, Jr. who used it in sermons, to 
more contemporary authors like Mike Davis. In Davis’s book Ecology of Fear: Los Angeles and 
the Imagination of Disaster, he describes in detail the destruction which plagued southern 
California at the end of the 20th century, linking it to the naivety of the region’s human 
inhabitants, and finally extrapolating the effects of present day actions forward onto a bleak 
future Los Angeles.10 Davis uses the jeremiad technique s a means of communicating the 
ramifications of the mankind’s decisions, imploring humanity to change. 
Understanding that architectural projects are fictions driven by the internal narrative of 
designers, architecture should be able to achieve the same effect as a written narrative, and 
so a jeremiad could successfully be told by a design process and product - the process being 
inspired by man’s modern day mistakes, and the product being a dystopian future design. 
“Collaborating with Catastrophe” seeks to utilize the techniques of the jeremiad in the realm 
of architecture in order to investigate and predict the possible ramifications of present day 
decisions on both the built and social future.
Now having examined the broad effects of global climate change, as well as the localized 
effects of hydraulic fracturing, this guide illustrates one ote ial means of combatting 
the harsh environmental conditions caused by man-made pollution, in order to continue 
producing food for society - regardless of contaminated water, soil, and air. To achieve this, 
the design of the farm must drastically change, and new methods of mass farming must be 
adopted. The rest of this book examines which systems are best suited to combatting the 
problems at hand and how farm design and techniques alter as a result. he final product is 
a visual manifestation of the toxic sublimity of fracking, via the technological sublimity of the 
solution.
10. Davis, Mike. Ecology of Fear: Los Angeles and the Imagina-
tion of Disaster. New York: Metropolitan Books, 1998.
 “The scientific community is telling us if we do not address the global crisis 
of climate change, transform our energy system away from fossil fuel to sustainable 
energy, the planet that we’re going to be leaving our kids and our grandchildren 
may well not be habitable. That is a major crisis.”11
11. Sheppard, Kate. “Bernie Sanders: Climate Change Is The 
Biggest National Security Threat.” The Huffington Post. October 
13, 2013. 
WHERE IS THE TOXIC SUBLIME?
Contaminated landscapes are found across cultures and political boundaries. Examples of toxically sublime 
incidents and places can be found globally. The case studies above are chosen to illustrate a variety of 
pollution types, dates, and geographic locations, and can be evaluated based on their immediate effects, the 
political response, remediation techniques, and long-term effects.
3. “Three Mile Island.” Wikipedia. Accessed November 
8, 2015. https://en.wikipedia.org/wiki/Three_Mile_Is-
land_accident.
4. “Times Beach, Missouri.” Abandoned Places. http://
ptc2506.com/featured_sites/abandoned_places/
timesbeach.html.
5. “Timeline of Events | The Chernobyl Gallery.” The 
Chernobyl Gallery. February 15, 2013. http://chernobyl-
gallery.com/chernobyl-disaster/timeline/. 
6. Andronic, Maria. “Fukushima Disaster.” Suffolk Univer-
sity Blogs. May 14, 2014.  http://blogs.cas.suffolk.edu/
mmandronic/2014/05/18/fukushima-disaster/.
7. Make Agent Orange History. 2012. http://make-
agentorangehistory.org/agent-orange-resources/back-
ground/environmental-impact-of-agent-orange-dioxin/.
8. “Environmental StudiesOf the Bhopal Plant Site.” 
Union Carbide Corporation. http://www.bhopal.com/
Environmental-Studies-of-Bhopal-Plant-Site.
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Peeples, Jennifer. “Toxic Sublime: Imaging 
Contaminated Landscapes.” In Environmental 
Communication, 373-392. 4th ed. Vol. 5. 
2011.
“Providing a visual representation of these sites of contamination is often necessary for 
eliciting social response and/or policy change.”
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WHAT IS 
HYDROFRACKING?
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As sea levels rose due to global warming, many of the 
major American cities fell underwater, including New York, 
Los Angeles, Washington D.C., Boston, Seattle, Miami, etc. 
Simultaneously, the west was being enveloped in drought, 
making such cities as Phoenix, Las Vegas, Denver, and Atlanta 
nearly uninhabitable. As a result, populations began to shift 
east and away from the coast, with a concentration of people 
developing around the Great Lakes - the largest bodies of 
fresh water in the world. 
Populations dwindled due to a series of natural disasters 
linked to climate change, which compromised sanitation, 
causing massive disease outbreaks. The world population in 
2015 stood just under 7 billion. Today, there are just over 1.25 
billion. The United States was hit comparatively light, losing 
just over 2/3 of its population.
WHAT WAS THE MIGRATION?WHAT IS HYDROFRACKING?
Hydrofracking is a process of first vertical then horizontal drilling in order to extract natural gas 
from shale formations miles beneath the Earth’s crust. Once drilled, millions of gallons of frack fluid 
(99% water and sand, 1% unnamed hazardous chemicals) are injected underground, pressurizing 
the well and causing the porous shale to fissure, allowing gas to be released and then flow to the 
surface once the pressure in the well is reversed.
FIGURE 5
“No Fracking In New York? That’s OK With Pennsylvania.” 
WWNO: New Orleans Public Radio. December 18, 2014. http://
wwno.org/post/no-fracking-new-york-thats-ok-pennsylvania. 
FIGURE 6
Thomas, Madeleine. “With Eyes in the Sky, Researchers Try to 
Link Fracking and Illness.” Grist. November 14, 2014.  http://
grist.org/list/with-eyes-in-the-sky-researchers-try-to-link-fracking-
and-illness/.
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FIGURE 14
“Future Climate Change.” EPA..http://www3.epa.gov/climatechange/
science/future.html#increasinggreenhouse gas. 
FIGURE 13
Hughes, J. David. Drill, Baby, Drill: Can Unconventional Fuels Usher 
in a New Era of Energy Abundance? (Santa Rosa, CA: Post Carbon 
Institute, 2013) 4.
FIGURE 12
“Predicting Future Sea Level Rise.” AntarcticGlaciersorg Dealing with 
Uncertainty Predicting Future Sea Level Rise Comments. February 
14, 2014. 
FIGURE 11
“U.S. and Global Temperature.” Climate Change Indicators in the 
United States. 
Worldwide, farming makes up 70% of 
all fresh water consumption, but due 
to climate change, rising sea levels, 
and sanitation, water is also becoming 
increasingly scarce. This is the largest 
barrier that post-apocalyptic farming 
contends with.
FIGURE 14
WORLDWIDE WATER CONSUMPTION
FIGURE 15
FIGURE 15
“Water Use in Agriculture.” OECD.  http://www.oecd.org/agriculture/
wateruseinagriculture.htm.
FARMING AND 
WATER?
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WHAT IS THE 
IMPACT OF 
CLIMATE CHANGE?
16 09
Beck, Ulrich. Risk Society towards a New 
Modernity. London: Sage Publications, 1992.
“[Toxins and pollutants] generally remain invisible, are based on causal interpretations, and 
thus initially only exist in terms of the knowledge about them. They can thus be changed, 
magnified, dramatized or minimized within knowledge, and to that extent they are 
particularly open to social definition and construction”
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HOW IS SHALE FORMED?
Hydrofracking is reliant on natural shale formations, a finely 
grained sedimentary rock which contains minute deposits of 
natural gas and oil. Typically shale formed at the bottom of 
deep, slow moving bodies of water, such as lakes or inland 
seas, where no oxygen was present. As zooplankton and 
other organisms died, they would be deposited at the bottom 
of the water to eventually be covered by more sediment.9 
Overtime, this leads to a process called compaction, during 
which the pressure of the matter above generates enough 
heat to turn the organic matter into fossil fuels. Today, that 
fossil fuel is anywhere from 3 to 15 miles below the earth’s 
crust.
Much of the shale in the continental United States formed 
under the Western Interior Seaway [Figure 8] beginning in 
the Devonian period.
FIGURE 7 
“Evidence Supporting Continental Drift Theory.” NISL - 
Evolution of Biodiversity. Accessed April 26, 2016. http://
planet.uwc.ac.za/nisl/biodiversity/loe/page_183.htm.
9. Prud’homme, A. (2014). Hydrofracking: What Everyone 
Needs to Know. New York, NY: Oxford University Press. 
FIGURE 8
Gibson, Richard. “Sevier Orogeny.” History of the Earth. 
November 22, 2014. 
http://historyoftheearthcalendar.blogspot.
com/2014_11_01_archive.html.
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WHEN WAS FRACKING 
POPULARIZED?
Although the first fracking occurred in the mid 19th century, modern day 
fracking techniques were only really developed in the late 1990’s, with 
many heralding it as the solution to America’s energy crisis. The issue only 
truly caught the attention of the public since 2009, gaining much of its 
momentum in 2010 after the release of Josh Fox’s documentary Gasland. 
Since that time, many local counties banned the practice, as well as the 
states of Vermont (2013), Massachusetts (2014), and New York (2015). 
The issue also took an international stage, with protests around the world, 
and a national ban in France.
WHY IS FRACKING CONTROVERSIAL?
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FIGURE 9
McKee, Scott. “United States Sets New Record for Natural Gas 
Production.” Bipartisan Policy Center. 
FIGURE 10
FIGURE 10
“Renewable Energy: Necessity, Not Nicety - The Inspiring 
Enterprise.” The Inspiring Enterprise. November 3, 2015.
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HOW IS FARMING 
AFFECTED?
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FARMING EPICENTERS
MAP OF SHALE PLAYS 
DRILLER’S LEASED LAND OWNER’S LAND
DRILLER’S LEASED MINERAL RIGHTS
FARMING
FRACKING
SOIL
AQUIFER
BEDROCK/ 
LIMESTONE/ 
SHALE
100 ACRES
3 ACRES PER PAD
3 ACRES ROAD
PER PAD
THE FARM/FRACK OVERLAP
There is a programmatic overlap between fracking and farming, for two distinct reasons. The first is that the same process that created the shale 
- large stagnant bodies of water - also caused soil to be more fertile. The second is that, due to economics, farmers were usually the first the oil 
and gas companies approached about leasing land and mineral rights. Independent farmers tend to be financially unstable, relying heavily on 
sources of income outside of the farm, and so the contract offers met with a high success rate. Yet farming is an industry extremely affected by 
water, soil, and air pollution - all ways in which hydrofracking pollutes.
HYDROFRACKING BAN
ACTIVE SHALE PLAY
SHALE PLAY
= 300 FARMS
FARMING EPICENTER MAP
U.S. Department of Argriculture. National Agriculture 
Statistics Service. 2007.
MAP OF SHALE PLAYS
Prud’homme, A. (2014). Hydrofracking: What 
Everyone Needs to Know. New York, NY: Oxford 
University Press.  4.
IS CLIMATE CHANGE REAL?THE RESULTING DROUGHT
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In 2015:
97% OF CLIMATE SCIENTISTS 
AGREE, CLIMATE CHANGE IS 
REAL AND MAN-MADE.
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CROPS
DECOMPOSING ORGANIC MATTER
[5-15% ORGANIC]
SOIL
REGOLITH
FUNGI/BACTERIA
STAGE 3
STAGE 1
STAGE 2
STAGE 1: MINERALS FROM THE REGOLITH ARE REACHED BY THOSE PLANTS WITH THE 
DEEPEST ROOTS AND ABSORBED INTO THE GROWTH OF THE PLANT
STAGE 2: AS PARTS OF THE PLANTS DIE AND FALL TO THE GROUND BELOW AND BEGIN 
TO DECOMPOSE THE MINERALS CONTAINED WITHIN ARE RELEASED
STAGE 3: THE MINERALS BECOME PART OF THE TOP SOIL, ALLOWING PLANTS WITH 
SHALLOWERS ROOTS ACCESS TO THE NUTRIENTS
TYPICAL SOIL STRUCTURE 
+ NUTRIENT MOVEMENT
1 YEAR
GROWING SEASON
[ALTERNATES. 
EX. AUG - SEPT]
HARVESTING
[ALTERNATES. 
EX. OCT - NOV]
SOWING
[ALTERNATES. 
EX. JUNE - JULY]
FALLOW
[YEAR 1 JAN - OCT]
CROP 1
[YEAR 1 NOV - 
YEAR 2 JULY]
FALLOW
[YEAR 2 AUG - 
YEAR 3 JUNE]
CROP 2
[YEAR 3 JULY - 
YEAR 3 DEC]
3 YEARS
FIGURE 17
BASED ON: Gliessman, Stephen R. Agroecology: The Ecology 
of Sustainable Food Systems. 2nd ed. Boca Raton: CRC Press, 
2007.  89.
FIGURE 17
FIGURE 16
“Guar Growing Cycle.” Farming - Guar Global Ltd. http://www.
guarglobal.com.
FIGURE 16
FIGURE 18
“The Future of Food Supply in the City Revisited.” Urban 360. 
July 26, 2011. http://urban360.me/2011/07/26/vertical-
farming-at-the-city/. 
FIGURE 19
“Community.” Homegrown Hydroponics RSS2. http://www.
hydroponics.com/blog/. 
1 Person = 1 Ton Food per Year
1 Ton = 2,000 lbs
Farmable Land Area = 90 Acres
1 Acre = 43,560 ft2
CROP YEILD PER ACRE ACRES ALLOCATED GROSS YEILD PER CROP WATER REQUIRED PER LB GROSS WATER PER CROP
[Yeild per Acre] x [Acres Allocated] [Gross Yeild] x [Water per lb.][Variable] [Variable][Given] [Given]
WHEAT 2, 631 lbs 30 Acres 78,930 lbs 222 gallons 17,522,460 gallons
POTATOES 25,000 lbs 30 Acres 750,000 lbs 34 gallons 25,500,000 gallons
CORN 6,405 lbs 30 Acres 192,150 lbs 146 gallons 28,053,900 gallons
[Per Year] 
DR
Y  
FA
RM
IN
G
HY
DR
OP
ON
IC
S
LETTUCE 3,000,000 lbs 15 Acres 45,000,000 lbs 222 gallons 17,522,460 gallons
CARROTS 163,350 lbs 15 Acres 2,450,250 lbs 34 gallons 25,500,000 gallons
STRAWBERRIES 120,000 lbs 15 Acres 1,800,000 lbs 146 gallons 28,053,900 gallons
BASIL 217,800 lbs 15 Acres 3,267,000 lbs 222 gallons 17,522,460 gallons
TOMATOES 1,742,000 lbs 15 Acres 26,130,000 lbs 34 gallons 25,500,000 gallons
CUCUMBERS 320,000 lbs 15 Acres 4,800,000 lbs 146 gallons 28,053,900 gallons
GROSS TOTALS 90 Acres 1,021,080 lbs 71,076,360 gallons
Dry Farming reduces water consumption 
by ≈ 16,000 gallons per acre per year.
[Acres Dry Farmed] x [16,000 gallons] = [Water Conserved]
[90 Acres] x [16,000 gallons] = [1,440,000 gallons]
- 1,440,000 gallons
69,636,360 gallons
GROSS TOTALS 90 Acres 83,447,250 lbs 269,973,000 gallons
COMBINED 
GROSS TOTALS
84,468,300 lbs 339,609,360 gallons
[Water Conserved]
[Typ. Farming Water Use]
[Dry Farming Water Use]
WATER CONSERVED
GIVENS
CROP YEILD AND WATER USAGE
WATER REMEDIATION SYSTEM DESIGN
ACRES ALLOCATED
PEOPLE FEED
Water Demand = 339,609,360 gallons annually
GIVENS
= 930,436 gallons daily
1 ft3  Water = 7.48 gallons
1 ft2  = .0929 m2
Facultative Pond Water Retention = 60 days
Facultative Pond Algae Yeild = .96 g/m2/day
Facultative Pond Depth = 5’
High-Rate Algae Production System = HRAPs
HRAP Water Retention = 3 days
HRAP Algae Yeild = 10.6 g/m2/day
HRAP Depth = 18”
HRAP SYSTEM FUCULTATIVE POND [FP]
3 DAYS 60 DAYS
63 DAY WATER RETENTION
WATER VOLUME TO AREA
[Water per ft2] = [Depth] x [Water per 1 ft3]
[Water per ft2] = [5 ft] x [7.48 gallons] = [37.4 gallons]
[System Area] = [System Water Capacity] / [Water per ft2]
[System Area] = [55,826,196 gallons] / [37.4 gallons] = 1,492,679 ft2
FP SYSTEM SIZING
REQUIRED SYSTEM WATER CAPACITY
[Volume] = [Daily Water Demand] x [FP Water Retention Time]
[Volume] = [930,436 gallons] x [60 days] = [55,826,196 gallons]
WATER VOLUME TO AREA
[Water per ft2] = [Depth] x [Water per 1 ft3]
[Water per ft2] = [18 in] x [7.48 gallons] = [11.2 gallons]
[System Area] = [System Water Capacity] / [Water per ft2]
[System Area] = [2,791,308 gallons] / [11.2gallons] = 248,780 ft2
HRAP SYSTEM SIZING
REQUIRED SYSTEM WATER CAPACITY
[Volume] = [Daily Water Demand] x [FP Water Retention Time]
[Volume] = [930,436 gallons] x [2 days] = [2,791,308 gallons]
HRAP Yeilds 10.6 g/m2/day
FP Yeilds .96 g/m2/day
Avg Oil Content = 40% of Dry Weight
Biodiesel = 3.31 kg per gallon
GIVENS
ALGAE YEILD AND BIOFUEL PRODUCTION
HRAP SYSTEM ALGAE + BIOFUEL  YEILD
ALGAE PRODUCTION
[Yeild per Day] = [HRAP System Yeild] x [HRAP System Area]
[Yeild per Day] = [10.6 g/m2/day] x [248,780 ft2] = [245 kg/day]
BIOFUEL PRODUCTION
[Biofuel Yeild per Day] = [Algae Yeild per Day] x [Oil Content %]
[Biofuel Yeild per Day] = [245 kg/day] x [40%] = [98 kg/day]
[Biofuel in Gallons per Day] = [Biofuel per Day] / [Biodiesel kg per 1 gallon]
[Biofuel in Gallons per Day] = [98 kg/day] / [3.31] = 29.6 gallons/day
FP SYSTEM ALGAE + BIOFUEL  YEILD
ALGAE PRODUCTION
[Yeild per Day] = [HRAP System Yeild] x [HRAP System Area]
[Yeild per Day] = [.96 g/m2/day] x [1,492,679 ft2] = [133 kg/day]
BIOFUEL PRODUCTION
[Biofuel Yeild per Day] = [Algae Yeild per Day] x [Oil Content %]
[Biofuel Yeild per Day] = [133 kg/day] x [40%] = [53.2 kg/day]
[Biofuel in Gallons per Day] = [Biofuel per Day] / [Biodiesel kg per 1 gallon]
[Biofuel in Gallons per Day] = [53.2 kg/day] / [3.31] = 16.1 gallons/day
[Gross Biofuel per Day] = [FP System Yeild] + [HRAP System Yeild]
[Gross Biofuel per Day] = [16.1 gallons/day] + [29.6 gallons/day] = [45.7 gallons]
GROSS BIOFUEL PRODUCED
1980 ft
1980 ft
90  ACRES
DRY FARMING = 3 CROPS
HYDROPONICS = 6 CROPS
90 Acres
3 = 30 Acres
90 Acres
6 = 15 Acres
1 = 2,000 lbs of Food per Year
84, 468,300 lbs of Food =42,233
5280 ft
5280 ft
1 SQ MILE 
= 27,878,400 ft2
1980 ft
1980 ft
90 Acres 
= 3,920,000 ft2
1222 ft 1222 ft
1,492,679 ft2
1222 ft1222 ft
1980 ft
1980 ft
499 ft499 ft
90 Acres 
= 3,920,000 ft2
244,987 ft2
1,492,679 ft2
THE MECHANICS OF PLANTS
The fluid pits which hydrofrackers keep on site are filled with chemical contaminated water and are 
prone to leaks  - resulting in contaminated soil for the neighboring farms. To understand the impacts 
of this, it’s prudent to first understand the layering structure of soil and how plants recieve their 
nutrients, in order to then intervene in productive 
ways. Understanding this and the constraints 
of growing seasons on the amount of food that 
can be produced are integral in operating your 
own farm. Ultimately, Farm X [the prototype this 
guide is based on] utilizes hydroponic farming 
techniques to combat these issues.
HOW IS WATER
BEING MOVED?
02  SYSTEMS AT PLAY 02  SYSTEMS AT PLAY
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1
2
3
4
5
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7
8
1  WATER PUMP
2  RESEVOIR
3  WATER HOSE
4  WATER DISTRIBUTION PIPE
5  ARTIFICIAL LIGHTING
6  ROOT BASKETS
7  OVERFLOW WATER
8  OVERFLOW DRAIN
TYPICAL HYDROPONIC SYSTEM
COMPONENTS
FIGURE 18
FIGURE 19
A
B
A>B
A
B
MONONGAHELA RIVER
ACQUIFER
HOW DOES A SIPHON WORK?
The hydroponic facultative algae wall is a vertical element, so the question 
arises of how is water being moved from the river, up a wall without using 
a detrimental amount of energy. A siphon utilizes naturally occurring 
atmospheric pressure in order to make it possible for liquid flow first 
vertically before eventually ending at a point lower than that at which the 
liquid started. The major requirement is that the surface height (Point A) of 
the starting point be higher than the bottom of the outlet (Point B).
The concrete casement which encircles the decommissioned fracking well 
is a prime pipe to use as the low point in the siphon (B), and the top of the 
river is the point at which the water is originating (A).
In this way water is able to, mostly passively, move up the wall while being 
cleaned by the algae, and any excess water not used by the hydroponic 
system is then allowed to flow back down the wall and into the frack 
casement below.
HYDROPONICS
WHAT ARE HYDROPONICS?
Hydroponics is a method of crop production that removes soil from 
the process, as well as all of the contaminates, pests, and pollutants 
that come with it. This means that in an environment where the 
quality of soil cannot be assured, like near a hydrofracking well, 
hydroponics might be the safest solution.
Although the crops produced with the system can be water 
intensive, the controlled process allows for the capture of water and 
limits the amount lost to evaporation, as opposed to exterior soil 
based methods of farming.
Additionally, hydroponics can be stacked as opposed to more 
conventional farming methods, meaning more output per sq ft 
(Figure 18).
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Netting goes all the way up the wall and 
the produce is able to grow through it. 
Good for light, vining produce, including 
berries and grapes.
Netting is curved to allow for maximum 
surface area, and produce hangs below. 
Good for root produce, such as potatoes 
and carrots.
Netting goes up the wall with openings 
to allow for farm hands to reach in and 
pick the produce. Good for heavy, large 
produce needing more support.
ALGAE INPUT V. OUTPUT
Algae is quickly becoming a cash crop for its ability to remediate waste water, clean air, and act as a food, 
fuel or fertilizer source in its afterlife. It “eats” nitrogen and inorganic compounds, converting them to lipids 
which are then able to be converted into biofuel. Those compounds exist in wastewater, and in the process 
of metabolizing them, the algae simultaneously cleans the water, which can then be used to grow other 
crops. It’s also a much more efficient means of producing biofuel in terms of space - producing as much as 78 
times as much biofuel per hectare as alternative plants (Figure 36). This gives future farms a cleaner source of 
energy, grown on site.
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FIGURE 21
Gliessman, Stephen R. Agroecology: The Ecology of Sustainable 
Food Systems. 2nd ed. Boca Raton: CRC Press, 2007. 
FIGURE 20
Deutsch, Claudia. “A Single Source for Clean Water and Fuel.” 
New Scientist. April 6, 2011.https://www.newscientist.com/arti-
cle/mg21028075-300-a-single-source-for-clean-water-and-fuel/.
TWO DISTINCT ALGAE SYSTEMS
Due to the  different requirements and uses of  variouse algae systems, Farm X utilizes two completely distinct 
algae systems, each requiring a different species of algae, depth of water, final product, and amount of time 
to complete their processes. The two systems are Facultative Ponds and HRAP [High-Rate Algae Production] 
Systems. The chart below outlines these differences.
FIGURE 23
Clifford, Caroline. “10.4 Design of Algae Farms.” Penn State 
University: E-Education. https://www.e-education.psu.edu/
egee439/node/695.
FIGURE 24
“NAABB’s Algal-Based Biodiesel Meets ASTM Standards.” 
Domestic Fuel. 2010. http://energy.agwired.com/2010/11/17/
naabbs-algal-based-biodiesel-meets-astm-standards/.
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THE POD/HYDROPONIC WALL
The major innovation of Farm X centers on the integration of the 
facultative algae system with hydroponics. To do this, the facultative 
pond system is divided into individual hexagonal pods, measuring 3’ 
x 3’, which can expand and contract as water is used or cleaned by the 
system. The pods are pressurized via a combination of capillary action 
from the plants and a siphon system, allow water to move through the 
wall. The water is then being  simultaneously cleaned by the algae,and 
passively watering the plants by means of a wick connecting the water in 
the pods to  the adjacent rockwool fiber held in nets in which the plants 
grow.
The entire pod structure is held by a steel tube hexagonal lattice steel 
pierced to allow water movement. The wall system can be modified in 
order to suit the needs of different kinds of crops.
SELECTING YOUR CROPS
HYDROPONIC CROPS
Not all crops grow well hydroponically. The ideal produce requires minimal space, making large grain crops unfeasible.
WILL GROWWILL NOT GROW
However, the benefits of hydroponic farming are numerous. The environment can be 100% controlled to produce the best 
growing conditions, including light control, removal of pests, and measured water allotments. Additionally, due to the lack 
of soil which therefore does not require time between growing seasons to replenish nutrients, and the lack of reliance on 
climate, growing cycles can be continuous throughout the year, resulting in a much higher yield per sq ft.
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Lettuce Carrots Strawberries
Basil Tomatoes Cucumbers
Potatoes Snap Peas Onions
Crop . LETTUCE
LBs per Acre Annually . 3,120,000
Water Use per LB [gallons] . 222
Grow Time [days] . 48 DAYS
Crop . BASIL
LBs per Acre Annually . 217,800
Water Use per LB [gallons] . 200
Grow Time [days] . 36 DAYS
Crop . POTATOES
LBs per Acre Annually . 91,200
Water Use per LB [gallons] . 23
Grow Time [days] . 80 DAYS
Crop . CARROTS
LBs per Acre Annually . 163,350
Water Use per LB [gallons] . 34
Grow Time [days] . 66 DAYS
Crop . TOMATOES
LBs per Acre Annually . 1,742,000
Water Use per LB [gallons] . 36
Grow Time [days] . 96 DAYS
Crop . SNAP PEAS
LBs per Acre Annually . 8,000
Water Use per LB [gallons] . 57
Grow Time [days] . 28 DAYS
Crop . STRAWBERRIES
LBs per Acre Annually . 120,000
Water Use per LB [gallons] . 146
Grow Time [days] . 84 DAYS
Crop . CUCUMBERS
LBs per Acre Annually . 220,000
Water Use per LB [gallons] . 130
Grow Time [days] . 150 DAYS
Crop . ONIONS
LBs per Acre Annually . 111,200
Water Use per LB [gallons] . 48
Grow Time [days] . 65 DAYS
Water Use
 per LB
LBs per 
Acre Annually
Grow Time
CROP WATER USE V. PRODUCTION
In drought the most important consideration for choosing which crops to 
grow on the farm is producing the greatest quantity of food with the least 
amount of water. Below are diagrams demonstrating this relationship for 
crops know to grow well hydroponically, in the hopes it will help you choose 
which to grow on your own farm.
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WHERE IS FARM X
[+WHY]?
= 300 FARMS
WHY PENNSYLVANIA?
Prior to the onset of the apocalypse, Pennsylvania 
was a major place of agricultural industry, while also 
being in the center of a very productive and densely 
fracked bed of shale. Due to the migration, Pittsburgh 
became one of the major cities of North America, 
and because of its location at the epicenter of three 
rivers, it became the ideal location to test the new 
farming methodologies described in this guide. The 
past fracking allowed for the prototype to tap into 
the infrastructure left behind, including service roads 
and decommissioned frack casements. Much of 
this prototype may be applied in other cities where 
fracking has occurred as well.
FARMING EPICENTER MAP
U.S. Department of Argriculture. National Agriculture 
Statistics Service. 2007.
FIGURE 24
BASED ON: “What Is Utica Shale?” Marcellus 
Connection. http://www.marcellusconnection.com/
what-is-utica-shale.
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CONCENTRATION OF FARMS MAP
“Agriculture in Pennsylvania.” Wikiwand. http://www.wikiwand.
com/en/Agriculture_in_Pennsylvania. 
CONCENTRATION OF FRACKING MAP
“The Economic Effects of Hydrofracturing on Local Economies.” 
Empire Center for Public Policy. http://www.empirecenter.org/
publications/the-economic-effects-of-hydrofracturing-on-lo-
cal-economies/. 
WASHINGTON COUNTY WELLS MAP
“Washington | Shale Play: Natural Gas Fracking in Pennsyl-
vania.” StateImpact Pennsylvania. http://stateimpact.npr.org/
pennsylvania/drilling/counties/washington-county/. 
CONCENTRATION OF FARMS
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WHY WASHINGTON COUNTY?
To select a site around Pittsburgh, developers of Farm X 
examined which areas had a density of both fracking and 
farming infrastructure, in addition to access to fresh water. 
Washington County, to the south of the city, was chosen 
as the site of the prototype for its proximity to all three. 
These are the considerations you should also have when 
deciding if these farming techniques are right for your city.
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FIGURE 25
BASED ON: “Pittsburgh, Pennsylvania.” Gaisma. 
Accessed April 27, 2016. http://www.gaisma.com/
en/location/pittsburgh-pennsylvania.html.
HOW TO ORIENT 
YOUR FARM
When deciding where to site your 
farm, it is key to consider solar 
orientation, as both the hydroponics 
and the algae systems rely heavily upon 
photosynthesis. The hydroponic system 
takes the form of a vertical wall, and 
as such the design of the farm must 
consistently have the wall to the north of 
the HRAP algae pond, so sunlight is not 
blocked (diagram to lower right). 
Farm X is sited in the northern 
hemisphere, and so the sun orients 
along the south. This means that the 
farm’s organization in relationship to the 
river must be adaptable.
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HOW IS PRODUCE BEING 
TRANSPORTED?
Capitalizing on a pre-existing train line which runs along the 
Monongahela River south of the city of Pittsburgh, the major 
method of transporting equipment and people from the city to 
Farm X and the produce from Farm X back to the city is via train. The 
farm is purposefully situated between the river and the rail line to 
provide access to both. Potential future farms will also be situated 
on the rail line, making all produce collection between the farms 
efficient.
LOCAL POPULATION DISTRIBUTION
As people responded to the apocalyptic conditions caused by climate change, populations 
shifted. As was discussed in Chapter 01 of this guide, mass migration occurred, with shifts both 
inland and away from areas of drought. Populations began to center on cities with access to 
fresh water in the form of lakes and rivers and, for practical reasons, urban sprawl retracted. 
Instead, although city populations are lower, they are also more tightly concentrated in one 
area, using their resources to focus on running certain neighborhoods rather than spreading 
themselves thin over a greater land area. 
As a result, the farm was easily removed from the general population of Pittsburgh - 
approximately 15 miles - in order to insure the security and cleanliness of the facility. This 
distance, though easily traversed, also allows for the future expansion of both the farm and the 
city as this apocalypse inevitable draws to an end. 
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The two major types of systems in the Prototype 
are hydroponics and algae production. They are 
sited along the river for water intake and near 
a decommissioned fracking casement for water 
pressure.
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ALGAE CONVEYOR
BIOFUEL CENTRIFUGE
BIODIESEL STORAGE TANKS
As water is drained from the HRAP algae pond 
back into the Monongahela River, the algae 
floating at the top is raked onto the conveyors 
to be poured into the biofuel centrifuge.
In the extraction process, the algae is 
pressed to burst the cell walls, releasing oils 
and separating the solids [biomass] from 
the liquids [oil and water]. Excess water is 
returned to the HRAP pond.
Once separated from the biomass, the oil is 
stored on site in tanks. It is then piped back to 
the main building where a generator converts 
it to electricity for use on the Farm.
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BIOFUEL SYSTEM
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The algae systems are divided into two - a facultative 
algae pod wall, and an HRAP [high-rate algae 
production] pond. These two systems, along with the 
hydroponics wall, change form to suit the needs of 
the systems.
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The algae systems are overlaid spatially with the 
hydroponics wall. The facultative algae system and 
hydroponic wall are combined into one integrated 
system.
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Running through the raceways, algae turners 
circulate the water, providing the necessary 
movement for algae to have maximum access 
to nutrients which might settle. The turners 
run 24/7 at a constant measured pace.
3
Every three days the water from the HRAP 
system is flushed back into the river, algae is 
harvested and the growing cycle begins again.
Algae harvesters break up clumps of algae, 
add chemicals to the pond to encourage 
algae to float to the top, and rake algae onto 
the conveyors to be collected for fertilizer or 
moved into the centrifuges and converted to 
biofuel.
Water taken from the river is held in narrow 
troughs making up the HRAP pond where 
algae is able to grow. The troughs are carefully 
monitored to be only 20” deep, allowing 
maximum algae photosynthesis at all depths 
of the pond.
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HRAP ALGAE
POND
[High-Rate Algae Production]
The edge of the farm is aligned with the edge of the 
river for ease of water access. The HRAP system is 
extended further, into the river, in order to capture 
water passively.
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The hydroponic/facultative wall is rotated to orient 
south for the best southern exposed for the grow 
wall. Simultaneously, The HRAP system is rotated the 
opposite direction to face into the flow of the river. 
A service pavilion is added containing supporting 
systems and equipment, storage, and the barracks 
for the farm hands.
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Water in the casement pond is the cleanest 
in the entire farm, having spent upwards of 
60 days in the facultative algae pod wall. It is 
collected here in a constant depth of 6’. Excess 
water is allowed to flow down the casement 
and into the natural aquifer below ground.
3
From the casement pond, water is pulled for 
used by the farms inhabitants. It is treated 
with fluoride and additional filter system, and 
then pumped throughout the barracks.
The siphon system creates pressure which 
allows water to travel from the river up 
the hydroponic/algae wall. The pressure 
is constant, creating a steady rate of water 
movement. As water is taken from the circuit 
be the algae pods on the wall, a vacuum is 
created in the pipes. And excess water not 
used by the wall is cleaned by the algae, and 
travels back down the wall and directly into 
the casement pond.
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SIPHON
The HRAP system extends along the river to form 
a raceway within which the algae will grow. A 
discharge channel is added oriented to follow the 
flow of the river, allowing the system to continually 
fill and empty. The facultative algae system’s water 
intake caissons are added in the river, and the 
corresponding siphon system is added, linking the 
facultative pods water to the frack casement pool. The 
service pavilion is altered to respond to the needs of 
it’s programs.
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Structure is added to the facultative/ hydroponic wall, 
and the HRAP raceway is pushed back from the river 
to allow space for the system to multiply.
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Each farm has an offshoot branch of the major 
train line, allowing for trains to be the major 
method of transporting goods and people 
from the farms to the city. Produce is placed 
directly into the train by the conveyor system.
Once the crops are harvested, they are placed 
into the troughs on the conveyor which carries 
them down the hydroponic/algae wall and 
then directly into the waiting train.
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TRANSPORT
A second unit of each system is added and grows 
correspondingly. Structure is shared between the 
first units and the second for efficiency.
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A third unit of each system is added.
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Crops grow out the south side of the wall, 
which is then access by a series of platforms.  
Farm hands can then pick the produce 
and deliver it to the conveyor system to be 
transported via train back to Pittsburgh.
Combining the Facultative Algae System 
with Hydroponics into a vertical wall, the 
growth side faces south to allow for maximum 
sunlight. Crops are able to grow through a 
porous net which holds the soil substitute 
where roots spread.
PRODUCE HARVESTER
GROW WALL
1
60
HYDROPONIC/ 
FACULTATIVE ALGAE 
WALL
A fourth unit of each system is added. Repeat the 
adding of units until the correct amount of crop 
production is reached.
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Secondary systems, which are not modular are 
added, including the train for produce transport, the 
biofuel processors, generators, water filters, etc.
11
1
2
Carries water from the suction caissons to the 
Facultative Algae Pod Wall.
Water from the river is pulled up into the 
system via the suction caisson, utilizing 
pressure from the siphon system.
3
5
4
Brings water up the Facultative Algae Pod Wall 
using pressure from the siphon system.
Angled in the direction of the river’s current, 
the HRAP intake is managed by a system of 
locks and levees which control when water is 
allowed to flow into the pond’s raceways.
Releases water to the individual pods of the 
Facultative system. Pipes are spread up the wall 
in increments of 34’, or the maximum height a 
siphon is able to move water vertically. 
VERTICAL WATER PIPE [FACULTATIVE]
WATER INTAKE [HRAP]
WATER DISTRIBUTION PIPE [FACULTATIVE]
WATER PIPE TO WALL [FACULTATIVE]
WATER INTAKE [FACULTATIVE]
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WATER INTAKE 
SYSTEM
SYSTEMS VISUALIZED
[ Water Intake
[ Hydroponic/ Facultative Algae Wall
[ Transport
[ Siphon
[ HRAP Algae Pond
[ Biofuel
Circulation is added and minor design alterations are 
completed.
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CONSTRUCTION 
DOCUMENTS
[ Plan
[ Section
Revkin, Andrew. “A fracking method with fewer water 
woes?”. The New York Times, Opinion, DotEarth Blog. 
November 8, 2011. Accessed December 4, 2014. http://
dotearth.blog.nytimes.com/2011/11/08/a-fracking-
method-with-fewer-woes/.
“Energy needs and economic forces drive innovation, both in using energy 
more thriftily and finding new sources. Environmental issues arise. Pressure 
builds for change. Regulations and rules evolve. Industry resists. Lawsuits 
and environmental campaigns ensue. Innovations occur. And the human 
enterprise, often in a herky-jerky fashion, moves forward.”
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LEVEL 11
155’ - 6”
LEVEL 12
170’ - 6”
LEVEL 13
185’ - 6”
LEVEL 14
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LEVEL 10
140’ - 6”
LEVEL 8
110’ - 6”
LEVEL 9
125’ - 6”
LEVEL 7
95’ - 6”
LEVEL 6
80’ - 6”
LEVEL 5
65’ - 6”
LEVEL 4 [TOWER ACCESS]
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LEVEL 3  [CENTRAL ACCESS]
35’ - 6”
LEVEL 2 [BARRACKS ACCESS]
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LEVEL 1 [HRAP ACCESS]
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THE FARMING PROCESS: 
BEGINNIG AN INDUSTRIAL ECOLOGY
Jascke, Karin. “Acting Up.” In Agency: Working With 
Uncertain Architectures, edited by Florian Kossak, 
Doina Petrescu, Tatjana Schneider, Renata Tyszczuk, and 
Stephen Walker. Routledge, 2009. 
“If architecture wants to engage the environmental problem in any 
meaningful and consequential way, it cannot content itself with 
joining the mainstream drive towards technological innovation and 
triple-bottom-line compromises; rather it will need to reframe its 
own disciplinary identity and role relative to society and nature from 
an ecological perspective.
HYDROPONIC WALL
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STEP 1: FARM WATER
STEP 2: FARM ENERGY
STEP 3: FARM CROPS
METHOD: ALGAE
METHOD: ALGAE
METHOD: HYDROPONICS 
[via energy + water of steps 1+2]
ALGAE
WATER
ALGAE
ENERGY
F H
CROPS
POST-APOCALYPTIC STEPS 
TO GROWING FOOD
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GLOSSARY
HYDROFRACKING FLUID
USUALLY 99% WATER, AND 1% PROPANT GELS AND UP TO 
600 DIFFERENT CHEMICALS  (ALTHOUGH ONLY 3-12 KEY 
CHEMICALS), WHICH IS INJECTED INTO THE BOREHOLE AFTER 
DRILLING HASE ENDED. PROPANTS ARE SMALL PARTICULATES, 
TYPICALLY GRAINS OF SAND, THAT ARE USED TO KEEP THE 
FISSURES IN THE SHALE OPEN POST-CRACK.
HALO EFFECT
WHEN A FAVORABLE EFFECT IS ABLE TO BE SHARED BY SIMILAR 
PRODUCTS DUE TO ASSOCIATION - EITHER BECAUSE OF 
PERCEPTION OR RELATED NEEDS.
FUGITIVE EMISSIONS
METHANE GAS THAT RISES TO THE SURFACE AND IS NOT 
CAPTURED, AND RISES INTO THE ATMOSPHERE DURING THE 
FRACKING PROCESS.
METHANE MIGRATION
THE ABILITY OF METHANE GAS TO SEEP UNDERGROUND FOR UP 
TO SEVEN MILES, TRAVELING THROUGH NATURAL FAULTS AND 
FISSURES CREATED BY FRACKINGS.
HALLIBURTON LOOPHOLE
THE 2005 EXEMPTION UNDER WHICH COMPANIES ARE NOT 
REQUIRED TO DISCLOSE THE LIST OR AMOUNTS OF CHEMICALS 
THEY USE IN THE HYDROFRACKING PROCESS, CLAIMING SUCH 
INFORMATION IS A TRADE SECRET.
MINERAL RIGHTS
THE RIGHT TO EXPLOIT AN AREA OF LAND FOR ITS MINERAL 
RESOURCES. THIS IS ABLE TO BE SEPARATED FROM PROPERTY 
OWNERSHIP IN THE SAME WAY THAT AIR RIGHTS ARE IN CITIES.
CO2 EMISSIONS
ALSO CALLED A GREEN HOUSE GAS, CARBON DIOXIDE 
EMISSIONS ARE A CONTRIBUTOR OF GLOBAL WARMING. 
TOGETHER WITH METHANE EMISSIONS AND OZONE EMISSIONS 
MAKE UP THE CARBON FOOTPRINT.
FLOWBACK WATER
THE FLUID THAT FLOWS TO THE SURFACE DURING AND 
AFTER THE HYDRAULIC FRACTURING PROCESS. IT INCLUDES 
CHEMICALS, PROPPANTS, AND CLAYS AND MINERALS LOOSENED 
UNDERGROUND DURING THE FRACKING PROCESS. THIS IS 
“WASTE WATER” WHICH MUST THEN BE TREATED. OFTEN THIS 
INVOLVES INJECTING THE WATER BACK UNDERGROUND INTO 
STORAGE WELLS, OR SHIPPING IT TO TREATMENT CENTERS VIA 
TRUCK.
ROUGHNECKS
AND OIL RIG WORKER. A POLITICALLY INCORRECT TERM 
REFERRING TO THE “UNCOUTH-NESS” OF THE USUALLY MALE 
WORKERS. NOTABLE FOR BEING VERY TEMPORARY HELP,  
MOVING AROUND OFTEN TO FOLLOW WORK.
NATURAL GAS
A PURE FORM OF FOSSIL FUEL, WHICH IS COMPOSED OF 
METHANE. LIGHTER THAN AIR, AND WITH NO ODOR, IT IS USUALLY 
FOUND DEEP UNDERGROUND AND IS HIGHLY FLAMMABLE. 
NATURAL GAS IS A MUCH CLEANER ENERGY THAN COAL, AND 
SAFER THAN NUCLEAR. MEASURED IN MBTUs.
SHALE GAS
NATURAL GAS TRAPPED IN MINISCULE DEPOSITS EMBEDDED IN 
SHALE ROCK FORMATIONS.  TODAY SHALE GAS PROVIDES OVER 
20% OF US NATURAL GAS, AND BY 2035 IT IS ESTIMATED THAT IT 
WILL MAKE UP OVER 45%. 
RESHORING
THE PROCESS OF BRINGING BACK OUTSOURCED INDUSTRY 
TO ITS HOME COUNTRY AFTER BEING SENT OFF SHORE DUE TO 
CHEAPER OPERATING COSTS
PROPANTS
USUALLY GRAINS OF SAND OR MINISCULE MAN-MADE CERAMIC 
BEADS ADDED TO FRACKING FLUID TO HOLD OPEN FISSURES 
MADE IN THE FRACKING PROCESS SO GAS CAN ESCAPE.
RENEWABLES
MADE UP OF THE FINELY GRAINED SHALE SEDIMENTARY ROCKS, 
SHALE FORMATIONS ARE LOCATED AN AVERAGE OF 10,000 FEET 
BELOW THE EARTH’S SURFACE. 
SHALE FORMATIONS
MADE UP OF THE FINELY GRAINED SHALE SEDIMENTARY ROCKS, 
SHALE FORMATIONS ARE LOCATED AN AVERAGE OF 10,000 FEET 
BELOW THE EARTH’S SURFACE. 
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PHILOSOPHY
ECOLOGY + 
AGRICULTURE
JEREMIAD
A LITERARY WORK OF PROSE WHICH BITTERLY LAMENTS THE 
MORAL FAILINGS OF A SOCIETY, AND EXTRAPOLATES THE EFFECTS 
OF THOSE FAILINGS INTO A PROPHECY OF CATASTROPHE. 
ORIGINATING WITH THE BOOK OF JEREMIAH IN THE OLD 
TESTAMENT, THE GOAL IS TO FORCE SOCIETY TO REEVALUATE 
ITS MORALITY AND CHANGE IN THE HOPES OF AVOIDING THAT 
DYSTOPIAN FUTURE.
SUBLIME
THAT WHICH IMPRESSES THE MIND WITH A SENSE OF 
GRANDEUR AND POWER, INSPIRING AWE, VENERATION, AND 
EVEN FEAR. USUALLY USED TO DECSCRIBE POWERFUL ACTS OF 
NATURE, THE TERM WAS COINED BY EDMUND BURKE IN 1757.
TECHNOLOGICAL SUBLIME
A TERM COINED BY DAVID NYE IN 1994 TO DESCRIBE 
THE FEELINGS EVOKED WHEN WITNESSING ACTS WHICH 
DEMONSTRATE HUMAN ACHIEVMENT AND THE CONQUERING 
OF NATURE’S LIMITATIONS. AWE AT WATCHING A SPACE CRAFT 
LAUNCH OR SEEING A SKYSCRAPER FOR THE FIRST TIME WOULD 
FALL INTO THIS CATEGORY.
TOXIC SUBLIME
THE TENSIONS THAT ARISE FROM RECOGNIZING THE TOXICITY 
OF A PLACE, OBJECT OR SITUATION, WHILE SIMULTANEOUSLY 
APPRECIATING ITS MYSTERY, MAGNIFICENCE, AND ABILITY TO 
NSPIRE AWE. 
AGROECOLOGY
THE SCIENCE OF APPLYING ECOLOGICAL CONCEPTS TO THE 
DESIGN AND MANAGEMENT OF THE SYSTEMS OF FOOD 
PRODUCTION (I.E. AGRICULTURE).
ECOSYSTEM
A FUNCTIONAL RELATIONSHIP BETWEEN LIVING ORGANISMS AND 
THEIR ENVIRONMENT - OR THE COMBINING OF BIOTIC FACTORS 
AND ABIOTIC FACTORS.
REGOLITH
THE LAYER OF EARTH BETWEEN THE SOIL AND THE BEDROCK, 
MADE UP OF A HIGH PERCENTAGE OF MINERALS DERIVED FROM 
THE BREAKDOWN OF THE BEDROCK BELOW
ABIOTIC FACTORS
NONLIVING PHYSICAL AND CHEMICAL COMPOENTS OF AN 
ENVIRONMENT (I.E. MINERALS, LIGHT, MOISTURE, TEMPERATURE, 
ETC.)
BIOTIC FACTORS
THE LIVING COMPONENTS OF AN ECOSYSTEM THAT INTERACT 
IN THE ENVIRONMENT (I.E. PLANTS, ANIMALS, FUNGI, BACTERIA, 
ETC.)
FALLOW
LEAVING FARMLAND UNSOWN FOR A PERIOD OF TIME IN ORDER 
TO RESTORE SOIL FERTILITY. PART OF A REGULAR CYCLE OF CROP 
PRODUCTION. 
AQUAPONICS
A PROCESS BY WHICH THE WASTE PRODUCED FROM FARMED 
FISH OR OTHER AQUATIC ANIMALS SUPPLIES NUTRIENTS FOR 
HYDROPONICS AND SIMULTANEOUSLY PURIFIES THE WATER.
HYDROPONICS
A PROCESS OF GROWING PLANTS IN SAND, GRAVEL, OR LIQUID, 
WITH ADDED NUTRIENTS, BUT WITHOUT THE PRESENCE OF SOIL.
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SAFETY PROTOCOL
FARM POLICIES
- ALL FARM HANDS WILL REGISTER 
ON THE FARM VIA FINGER PRINT, DNA 
SAMPLE, AND PHOTO REGISTRY
- FARM HANDS MUST BE GOWNED 
AND BE WEARING ID BADGES 
WHEN WORKING WITH ALGAE OR 
HYDROPONIC SYSTEMS
- BARRACKS WILL BE KEPT CLEAN  
AND FREE OF DEBRIE 
- NO PETS
- NO ALCOHOL OR DRUGS
- ALL GUESTS MUST BE CHECKED IN 
AND ACCOMPANIED AT ALL TIMES
- IF SICK, ALERT THE MEDIC 
IMMEDIATELY.
- CURFEW IS 21:00h PROMPTY 
- ALL TIME-OFF MUST BE APPROVED 2 
MONTHS IN ADVANCE
-FARM HANDS RETURNING TO THE 
FARM MUST GO THROUGH THE 3 DAY 
QUARENTINE PRIOR TO RETURNING 
TO WORK
- NO INTER-FARM RELATIONS
- DAMAGED BIO-SUIT AND 
EQUIPMENT WILL BE DOCKED FROM 
PAY
- MEAL TIMES ARE PROMPTLY 6:00h, 
12:00h, and 19:00h. 
- ALL FOOD IS TO BE CONSUMED IN 
THE MESS HALL
- IF YOU NOTICE ANY BREAKING OF 
THESE POLICIES, ALERT YOUR AREA 
OVERSEER.
IN CASE OF :
PLEASE REFER TO EMERGENCY 
PROTOCOL PACKET
- HAIL STORM
- PLAGUE OUTBREAK
- ALGAE POD BURST
- FOOD CONTAMINATION
- MAURAUDER ATTACK
HOOD BI-LAYER 
GLOVES
STEEL TOED 
BOOTS
RESPIRATOR
UV-RAY PROTECTED 
VISOR
BIO-HAZARD 
SUIT
